I. Introduction
The design of higher order lowpass filters is most frequently based on the leapfrog method [1] for simulating passive prototype filters since this yields circuits with low sensitivities to parameter variations. If the leapfrog method is used for the design of highpass filters, then differentiators are required. However differentiators are very difficult to implement with a large frequency range while maintaining stability. For this reason an integrator based structure for implementing highpass filters would be convenient, since integrators generally have very good high frequency and stability properties.
The Direct SFG Simulation method presented in [2] provides such an integrator based highpass filter structure, but unfortunately it becomes very complex with higher order filters. An alternative integrator based highpass filter structure, which will be referred to as the New Active Ladder method, was introduced by the author in [3] . With this new structure, the better properties of the leapfrog method (simplicity and regularity) and the Direct SFG Simulation method (integrator based) are combined into a new powerful highpass (and bandstop) filter structure. This paper will describe in more detail the design of a sixth order elliptic highpass filter based on the SFG structure described in [3] . The circuit uses MOSFET-C integrators [4] and has been fabricated in a 2.4nm double-poly double-metal CMOS-process. A serious problem with implementing continuous-time filters (especially for low frequencies) is that large capacitance-values are impractical [5] 4 shows the simulated gain-responses. The deviation at very low frequencies is due to the fact that the Direct SFG Simulation circuit is very sensitive to resistor-parasitics in the stopband [3] . Fig. 5 
IV. Circuit implementation
The schematic of the highpass filter circuit is shown in Fig. 6 and a chip-photograph is shown in Fig. 7 . The opamp is a two stage design with automatic balancing of the differential output [6] . The MOSFET-resistors have been implemented using unit-size P-channel devices with L=36um and W=3.6\xm. With a nominal gate voltage Vc=-3.5V and bulk voltage VV=5.0V, each unit device has a resistance of 313KQ and a total channel capacitance of 0.165pF. The capacitors have been implemented using the two polysilicon layers; here unit-capacitors of l.OpF were used. Fig. 6 Schematic of the New Active Ladder sixth order highpass filter. Vc is the control voltage, V0 is the input and V0 is the output Pig. 7 The manufactured filter chip.
V. Measured results
The manufactured filter chip was found to be functional, and after adjusting the control-voltage VG, the gain response of Fig. 8 was measured. This response is very close to the simulated response (Fig. 4) . The spectrum of the output noise was also measured and the result is shown in Fig. 9 . Unfortunately the used spectrum analyzer was not able to make measurements over sufficiently large periods of time and therefore the curve is very unsteady, but still with some resemblance to the simulated noise density (Fig. 5) A MOSFET-C filter based on this new structure, which implements a sixth order elliptic highpass function with a passband frequency of 3.0KHz, has been designed and manufactured, simulated performance.
The described filter structure is easily modified for use with bandstop filters [3] , and possibly a general procedure for simulating LC-ladder filters using integrators with non-integrating inputs can be developed. Measurements confirm the
